Long periods of sedentary behavior (SB) is detrimental for health. This study investigated SB in older African American women (OAAW) and further compared it between participants of different physical activity status. Twenty OAAW had their sedentary time measured by accelerometers for seven consecutive days. Actigraph 6 processed accelerometer data and SPSS was used for statistical analysis with significance set at p < .05. Our sample spent approximately 9 hours in SB with an average of 27 breaks of sedentary time per day. The inactive group had higher amounts of time (p < .01) on the average length of sedentary bout and the average number of sedentary bouts longer than 30 minutes compared with the active group. OAAW spend large amounts of their awaking hours in sedentary activities. The findings suggest that the inactive women may be at increased health risk based on the low levels of physical activity and the prolonged sedentary bouts.
There is solid evidence of the benefits of regular physical activity (PA 1 ) for older adults (Chodzko-Zajko et al., 2009 ). However, emerging evidence suggests that large amounts of sedentary time are associated with a large array of chronic conditions and premature mortality, independently of achieving current PA recommendations (i.e., 150 minutes per week of moderate to vigorous PA [MVPA 2 ]; de Grøntved & Hu, 2011; de Rezende, Rodrigues Lopes, ReyLópez, Matsudo, & Luiz, 2014; Proper, Singh, van Mechelen, & Chinapaw, 2011; Thorp, Owen, Neuhaus, & Dunstan, 2011) . For instance, a recent study conducted with nearly 5,000 adults with an average age of 57 observed that those spending 10 hours per day in sedentary activities, objectively measured through accelerometer, had 29% greater risk of death compared with less sedentary adults (Matthews et al., 2016) . In the older adult population, high levels of sedentary time have been linked to decreased functional fitness (Santos et al., 2012) ; increased risk of breast cancer (George et al., 2010) ; increased metabolic risk, overweight, and obesity; increased mortality rates (Gardiner et al., 2011; Inoue et al., 2012; van der Ploeg, Chey, Korda, Banks, & Bauman, 2012) ; and shorter leukocite telomere length (Shadyab et al., 2017) . Sedentary behavior (SB) is commonly defined as "any waking behavior characterized by an energy expenditure ≤ 1.5 METS while in a sitting or reclining posture" (Tremblay, 2012, p. 540) . These behaviors are generally considered distinct from inactivity, which refers to a lack of MVPA, which requires a metabolic equivalent of ≥3 (Pate, O'Neill, & Lobelo, 2008) .
As with PA, SB is a major concern in the older adult population, but especially in older African American women (OAAW) who tend to have low rates of PA participation, high amounts of SB (Evenson, Buchner, & Morland, 2012; Troiano et al., 2008) , and high rates of chronic conditions. A 2016 study conducted with U.S. adults over the age of 45 observed that older age (i.e., 65 and over), body mass index (BMI), winter season, and low amounts of MVPA were associated with prolonged SB (Diaz et al., 2016) . Of note, roughly 30% of the participants in that study were Black. Additional factors reported in the literature influencing SB include, but are not limited to, physical health, aging attitudes, lack of companionship, marital status, and gender (Chastin et al., 2015; Tam-Seto, Weir, & Dogra, 2016) . Furthermore, there is evidence suggesting that leisure is the most frequent purpose for SB among older adults, accounting for roughly 50% of sedentary time (Leask, Harvey, Skelton, & Chastin, 2015) . Studies examining SB and focused on older African Americans have mostly looked into volume (i.e., total amount spent during awaking hours) and not addressing other potential meaningful variables (e.g., breaks in sedentary time, number of longer sedentary bouts). This is important as it may provide valuable information about patterns of SB in this population that can devise future interventions. For instance, researchers examined PA and SB patterns among low-income African Americans and Whites living in the United States (Cohen et al., 2013) . In this study, SB was reported as the total amount of time and patterns were described in terms of type (i.e., TV viewing). Importantly, the authors employed a self-report measurement of the variables, which is known to be susceptible to recall bias. Very little is known about SB in this population using objective measurements (e.g., accelerometers). Evenson et al. advanced the knowledge base by describing sedentary time in a representative sample of U.S. adults aged 60 years and older from different racial groups, including African Americans (Evenson et al., 2012) . Despite using objective measures of SB, the previous did not include a more in-depth/detailed analysis of SB (i.e., bouts or breaks). The study was limited to reported volume of sedentary time per day. Furthermore, previous studies did not attempt to examine potential differences in SB between active and inactive participants. This is important as there is evidence that prolonged sedentary time is detrimental for health, independent of achieving PA guidelines.
Advancing previous studies on SB in older African Americans, this exploratory study examined metrics of SB (i.e., volume, breaks in sedentary time, maximum length of sedentary bout, average length of sedentary bout, sedentary bout length >30 minutes) in a sample of community dwelling OAAW (i.e., OAAW living independently in the community as opposed to those living in assistive living facilities). We further explored and compared the data according to participants' PA status (i.e., active vs. inactive; based on accelerometer-derived MVPA) to enhance our understanding on how those metrics differ depending on whether the participant was active or inactive. It was hypothesized that active women would present with better metrics of SB compared with those who were inactive.
Method

Study Design
This cross-sectional study employed the objective measurement of SB through accelerometry. Accelerometry is a technique employed to quantify body acceleration normally using a small and light monitor called accelerometer. Acceleration is defined as the rate of change in velocity over a given time; therefore, the frequency, intensity (i.e., sedentary, light, moderate, and vigorous), and duration of PA can be assessed as a function of body movement. Prior to the commencement of the study, the research study protocol was approved by the University of Illinois Institutional Review Board and a signed informed consent was obtained from all participants before data collection.
Participants
Twenty OAAW living in a Midwestern university town community area were invited to take part in this study. Participants were recruited from a local senior center and posting flyers in different places (e.g., health care, food stores). A snowball sampling technique was also employed. The investigator visited the senior center during their monthly meeting that congregates most of the senior members, and briefly explained the study and asked for their participation. Participants who demonstrated interest were asked to report to the investigator following the end of the meeting to provide their contact information and clarify any additional questions. A total of 13 out of 20 participants were recruited from the local senior center, and four were invited by their peers (e.g., neighbors, church friends) and three replied after seeing the flyer. None of the participants dropped out of the study. To be included, participants had to be able to walk independently and answer questions without help from others. Participants using any assistive device (e.g., walkers and canes) to walk or unable to wear the accelerometer for at least 4 days (including a weekend day) were excluded from the study. Participants were cash compensated for their participation.
Measures
Accelerometer-derived sedentary time. SB was objectively measured using Actigraph GT3X+ accelerometers (Penscola, FL). All accelerometers were previously tested/calibrated prior to use by laboratory staff members. The calibration procedure consisted of having laboratory members walking (slowly and rapidly) and running on a treadmill (4.8 kilometer per hour, 5.6 kilometer per hour, and 8 kilometer per hour at 0% inclination for 12 minutes total) while wearing four accelerometers on a belt around the waist. Accuracy was established by >10% difference in average counts per minute across the 12-minute period among the set of accelerometers worn simultaneously. The ActiGraph accelerometer is a technically reliable instrument, able to detect different levels of intensity (Esliger & Tremblay, 2006; McClain, Sisson, & Tudor-Locke, 2007) , and has been proven to be reliable to use in older adults from different race groups, including African Americans (Evenson et al., 2012; Harris et al., 2009) . Previous large epidemiological study conducted with older adults (i.e., 60 years and over) including African Americans supports the use of this approach in the present study (Evenson et al., 2012) . In the previous study, the authors adopted accelerometry to measure PA and SB using similar protocol than the one applied in the present study. Of note, of 2,630 persons aged 60 years and above participating in the study, more than 600 were Blacks/African Americans (Evenson et al., 2012) . A potential challenge of the use of accelerometer in this population is related to compliance. As participants are asked to remove the accelerometer to sleep and during aquatic activities (e.g., shower), they may forget to replace it. Furthermore, accelerometers are attached to the hip/waist through an elastic belt and, therefore, may shift through the day, which can contribute to measurement error (Schrack et al., 2016) . Furthermore, disadvantages of this approach are related to the fact that accelerometers are still relatively costly (i.e., device and software for data analysis price), unable to measure water-based activities, and may pose a burden to participants (i.e., as it is normally used for seven consecutive days), and that there is no consensus regarding cut points to determine PA intensity in the older adult population (Strath, Pfeiffer, & Whitt-Glover, 2012) . Despite of the aforementioned study, the advantages far outweigh the disadvantages. Accelerometer is regarded as the "gold standard" measure for field assessment PA. This device has enabled both PA and SB to be measured with great levels of accuracy and precision compared with other indirect and subjective measures (e.g., selfreport questionnaires-overestimates PA and subestimates SB). For instance, researchers have demonstrated in a comparative validity study that objective monitors more appropriately rank PA energy expenditure compared with subjective measures (i.e., questionnaires) in older adults (Colbert, Matthews, Havighurst, Kim, & Schoeller, 2011) . In fact, there is strong evidence suggesting age is not an important factor in using objective monitoring (i.e., accelerometer) in older adults to evaluate accelerometer outputs (Strath et al., 2012) as done in the present study. Accelerometer has the additional advantage of being small in size and lightweight, and able to record data continuously over an extended period (e.g., days or weeks). These features make it suitable to be used in older adults who oppose to some cumbersome devices and methods. The lack of immediate visual feedback is also an advantage as the possibility of tampering is reduced compared with other objective measures, for example, pedometers.
Volumes of sedentary time and MVPA. ActiLife 6 software was used to process accelerometer data from each individual separately. The output was then transferred into a Microsoft Excel file representing wear time, time spent being sedentary, and MVPA (Table 1) based on activity count cut points developed for adult individuals (Freedson, Melanson, & Sirard, 1998) and in accordance with recent work (Van Cauwenberg, Van Holle, De Bourdeaudhuij, Owen, & Deforche, 2015) .
Metrics of sedentary time.
Metrics of sedentary time were determined from the excel files and constituted the number of daily breaks in sedentary time, maximum lengths of sedentary bouts (minutes), average length of sedentary bouts (minutes), and number of long sedentary bouts (i.e., >30 minutes). The definitions and cut points used for the analysis are displayed in Table 1 . Briefly, breaks in sedentary time refers to interruption in sedentary activity where participants change from sedentary to a nonsedentary activity. Sedentary bout length refers to the amount of consecutive time participants remained in sedentary activity. Accelerometer wear time data were checked using the Freedson, Melanson, and Sirard, 1998 log file output, and only valid days (set as ≥10 hours of wear time without periods of continuous zeros exceeding 60 minutes indicative of compliance) were included in the analysis. Consistent with previous research conducted in the field (Baranowski, Mâsse, Ragan, & Welk, 2008; Matthews, Hagströmer, Pober, & Bowles, 2012; Trost, Mciver, & Pate, 2005) , our analysis included only participants with a minimum of 4 valid days, including at least one weekend day, which has been shown to provide a reliable estimate of habitual activity behavior. This was important, as we aimed to examine potential differences in metrics of SB between active and inactive participants.
PA status. PA status was determined based on the participant's amount of MVPA and using the current national PA recommendations as the criterion measure (Physical Activity Guidelines Advisory Committee, 2008). This recommendation states that adults and older adults should accumulate at least 150 minutes per week of MVPA for health benefits. Of the 20 participants, nine performed 150 minutes per week or more of MVPA and were allocated into the active group; and 11 performed less than the recommended amount and were allocated into the inactive group.
Demographics and anthropometrics.
Along with the objective assessment of SB, participants provided demographic and anthropometric information that was used for sample characterization. Demographic and anthropometric information including age, marital status, annual income, years of education, height and weight (to calculate participants' BMI), number of medications, and number of chronic conditions were collected.
Procedure
Participants who were eligible to participate in the study were contacted to schedule a meeting with the investigator to sign the informed consent, complete the sociodemographic and health questionnaire, and receive the accelerometer. At this meeting, participants were asked to wear the accelerometer at the hip for seven consecutive days for at least 10 hours per day. The device was set up to register data in 60-second epoch with standard drop time of 2 minutes. Participants were instructed to put on the device after they wake up in the morning and get ready for the day and to take it off when going to bed at night. Nonwear periods were defined as times during which no movement was detected for 60 consecutive minutes (Troiano et al., 2008) . Participants were further instructed to not use the device during aquatic activities (i.e., bathing, showering, or swimming) and to maintain their usual levels of activity during the 1-week period. The investigator instructed participants on how to properly use the device (i.e., position at the nondominant hip and proper side of the device) and also provided participants with written and graphic instructions on how to wear the device. Moreover, participants were directed to promptly contact the investigator if they identified any malfunctioning with the device (e.g., a blinking flashing light after data collection started). After completion of the 1-week period, accelerometers were retrieved by research staff for data processing.
Data Analysis
SPSS version 22 (IBM Corp., SPSS Inc., Armonk, NY) was used for data analysis with significance set as p < .05. General characteristics of the participants (age, years of education, marital status, annual income, BMI, number of diagnosed diseases, number of medication taken) were reported overall and by PA status (i.e., active vs. inactive). Furthermore, t test and MannWhitney U test depending on the variable being analyzed were used to determine possible differences in accelerometer-derived SB metrics between groups of different PA status. Effect sizes using Cohen's d based on a difference in mean scores between PA status groups of pertinent variables were further calculated and interpreted (i.e., d = 0.2 is a small effect, d = 0.5 is a moderate effect, and d = 0.8 or higher is a large effect).
Results
Sociodemographic and biomedical characteristics of the overall sample and separated by PA status (i.e., active vs. inactive) are given in Table 2 . Briefly, groups were found to be similar regarding age (p = .15) with overall mean age of the sample being approximately 68 years. All participants reported having at least a high school degree with most of them being married or divorced/separated. The presence of disease and use of medication was common among the participants, which presented with an average BMI of about 30 kilogram per meter squared.
Volume and Metrics of SB
The findings on volume and metrics of SB for the overall sample and separated by PA status are given in Table 3 . Briefly, OAAW participants in this study engage in sedentary activity on an average of approximately 81% of the day (i.e., ~9.4 hours). The average length of sedentary bouts and the average number of sedentary bouts longer than 30 minutes were significantly greater in the inactive group (p < .01), and the difference was in large magnitude 
Discussion
This study examined metrics of SB (i.e., volume, breaks in sedentary time, maximum length of sedentary bout, average length of sedentary bout, sedentary bout length >30 minutes) in a sample of community dwelling OAAW, Collectively, these findings partially support our hypothesis and underscore the need for interventions focusing on reducing SB in this population, especially for those struggling to meet current PA guidelines (i.e., inactive group). In addition, due to the strong association between SB and adverse health outcomes, our results (coupled with findings from previous investigations on SB in the older adult population) may further help in the development of and/or to enhance future strategies and interventions aiming to improve health among OAAW. In the present study, OAAW regardless of PA status (i.e., active or inactive) spent over 9 hours per day in sedentary activity. These findings corroborate those of previous studies conducted in a similar population (Cohen et al., 2013; Evenson et al., 2012) . For instance, Cohen et al. reported a total sitting time (a proxy of SB) of 9.5 hours for their African American participants aged 60 to 69 years old and 9.4 hours for those aged 70 to 79 years (Cohen et al., 2013) . The last is similar to those objectively assessed 9.2 hours reported by Shadyab et al. (2017) in older adults (African Americans and Whites) aged 64 to 79 years, but slightly higher than the 8 hours demonstrated by investigators using accelerometry to assess SB in older African Americans (Evenson et al., 2012) . By contrast, our findings are higher than the 7.5 hours per day of SB observed in a study with older Japanese adults (Chen et al., 2015) and the 7 hours per day in studies addressing SB conducted in U.S. adults (C. E. Matthews et al., 2016) . There is further evidence that engagement in SB constitutes a great part of the day in the general population (50%-80%; Bauman et al., 2011; Dunstan & Owen, 2012) . Collectively, the different studies suggest that OAAW are prone to large amounts of SB during their awaking hours, reinforcing older adults as the most sedentary age group (Healy, Clark, et al., 2011; Rhodes, Mark, & Temmel, 2012) . It should be a concern, especially among OAAW, as this group also presents with one of the lowest levels of PA participation compared with other racial groups (Troiano et al., 2008) . This is further important because, for example, there is evidence of the association between high amounts of sedentary time measured by accelerometer and shorter leukocyte telomere length among less physically active women. This suggests that prolonged sedentary time and limited engagement in PA may act synergistically to shorten leukocyte telomere length among older women. Shortened leukocyte telomere length has been associated with a large array of conditions including cardiovascular disease, type 2 diabetes, and some cancers (Shadyab et al., 2017) . These conditions are known to be highly prevalent in the African American population (Chow, Foster, Gonzalez, & Mclver, 2012; Desantis et al., 2016) . Thereby, avoiding a sedentary lifestyle may provide health benefits at the cellular level (Shadyba et al., 2017) .
Although the number of daily breaks in sedentary time did not differ by PA status, the overall average daily number of breaks for the sample (27.5), and in both active (25.6) and inactive (29.2) groups, was extremely lower compared with a previous study adopting, on average, a lower age group (Healy et al., 2008; Schlaff, Baruth, Boggs, & Hutto, 2017) . For instance, investigators reported an average of nearly 93 daily breaks in sedentary time in healthy adults aged 20 years and over (Healy et al., 2008) and 73 in persons aged 55 years and over (Schlaff et al., 2017) . This suggests that OAAW (active and inactive) engage in more prolonged sedentary activities compared with other groups. The average length of sedentary bouts and the number of long sedentary bouts (i.e., ≥30 minutes) were significantly higher in those in the inactive group. Overall, participants in this study reported six long sedentary bouts per day, with the subsample of active women reporting around four, and the inactive subsample reporting nearly eight. These numbers are somehow similar (i.e., 5.5 on average) to those reported in a large study involving U.S. adults (i.e., ≥45 years old; Diaz et al., 2016) . However, a recent study conducted in 67 inactive older adults reported an average of 3.7 long sedentary time bouts (i.e., ≥30 minutes; Schlaff et al., 2017) . This number is similar to the four bouts observed for the active group of women participating in this study but nearly half of the average number reported by the inactive group. A partial explanation could be related to race/cultural differences and age. The previous recruited persons aged 55 years and above (i.e., one decade younger than ours). Furthermore, out of the 67 participants, only nine were African Americans. Prolonged uninterrupted periods of SB have been described to be particularly detrimental for health. For instance, there is evidence linking prolonged uninterrupted periods of sedentary time with negative cardiometabolic markers (Healy, Matthews, Dunstan, Winkler, & Owen, 2011 ; for example, High-density lipoprotein (HDL) cholesterol, C-reactive protein, insulin sensitivity) and metabolic syndrome (Gardiner et al., 2011) . In the previous study, the authors examined the association between SB assessed through TV viewing and overall sitting time and concluded that for older adults, high levels of SB were associated with greater prevalence of metabolic syndrome. On the contrary, transitions from sedentary to nonsedentary activities (e.g., lightintensity activities) have been associated with improvements in similar cardiometabolic markers . From the perspective of energy expenditure, a previous study with young adults (18-39 years old) indicates that standing up and walking for 1 minute within a sedentary bout of 30 minutes may result in a net energy expenditure of 3.0 kcal, and if sustained for 1 week will accrue nearly 40 times more (~120 kcal; Swartz, Squires, & Strath, 2011) . To this end, frequently interrupting sedentary time with lightintensity activity with a particular emphasis on long sedentary bouts deserves special attention as it may help individuals improve their health. This is reinforced by a recent study suggesting that increasing light-intensity activity and reducing sedentary time are particularly important for inactive adults. In this study, researchers observed that compared with those who performed less light activity (i.e., 3 hours per day), those performing 5 hours per day of light activity presented with a 23% reduction in the risk of premature death (Matthews et al., 2016) . There is preliminary evidence suggesting that interventions focusing on reducing sedentary time in older adults may be effective. Researchers reported a reduction of 24 minutes per day on time spent sitting/ lying in older Scottish adults following an intervention using individualized consultation and activPAL accelerometer feedback (Fitzsimons et al., 2013) .
To the best of our knowledge, this is the first study to provide preliminary novel findings on metrics of SB (i.e., breaks in sedentary time, sedentary bout length, maximum length of sedentary bouts, sedentary bout length over 30 minutes) not addressed in previous studies in this population. The study of different metrics of SB are important because it may potentially provide new insights into SB that can be useful to devise strategies and interventions focusing on reducing this health risk. Along with the objective measurement of SB in an underresearched population (i.e., OAAW) and the fact that we analyze the data also separated by PA status, these could be regarded as strengths of the study. The objective measurement of SB was important to minimize the bias inherent in self-report. Furthermore, despite no systematic data were collected in this matter, participants of this study had no complaints about the use of the device (i.e., accelerometer) or the time they were asked to wear it. Importantly, during instructions on how to use the device, participants were explained that the device was not featured with any type of camera or global positioning system (i.e., GPS), and that the device was able to record only the amount of activity they perform during the awaking hours. Despite the importance, this study has some limitations. The relatively small sample size and recruitment procedures are limitations of this study. Involving African Americans in research has proved to be a challenging task for researchers. Mistrust of doctors, scientists, and the government have been reported (Corbie-Smith, Thomas, Williams, & Moody-Ayers, 1999) . In our study, we invited over 40 participants, and only 20 agreed to participate in the study. All 20 participants enrolled completed the study. Because of our small sample and convenience sampling strategy, caution is warranted when interpreting our findings and generalizing them to the broader community of OAAW. Although objectively measuring SB minimizes bias, it does not provide information about the domain/type of the SB (e.g., TV viewing, computer, transportation). Such information would complement the findings of this study. Another limitation lies in the fact that the Actigraph accelerometers may not be the best approach to measure SB. There is evidence suggesting that ActivPAL accelerometers are more accurate than the Actigraph GT3X accelerometer in assessing SB (Kim, Barry, & Kang, 2015) . Despite its limitations, this study provided preliminary novel evidence on meaningful metrics of SB of OAAW not previously reported. However, future studies should replicate this protocol in a larger sample size for a better comprehension of such behavior in this population, and may attempt to examine SB using ActivPAL accelerometer and complementing the data collection with self-report information on where the SB occurs (i.e., domains-leisure, household, transportation, work). A better understanding of SB in active and inactive OAAW is particularly important to promote and optimize health interventions focusing on SB in this population.
Conclusion
In summary, our findings demonstrate that OAAW regardless of PA status (i.e., active or inactive) spend high amounts of their daily waking hours in SB with very low numbers of sedentary breaks. In addition, inactive women have higher average length of sedentary bout and accumulate more number of long sedentary bouts compared with their active counterparts. Collectively, it suggests that despite the fact that some women are achieving the PA recommendation, they continue to be at high risk for negative health outcomes due to the long time spent in SB. Furthermore, the inactive women in this study may be at increased risk due to the long period of time spent in SB as well as their inability to accumulate enough PA for health benefits (i.e., 150 minutes per week of MVPA). The findings of this study compliment and build upon the results of previous work on SB among African Americans and constitute important information for public health practice. Our study is one of the relatively few on this topic and the findings underscore the importance of, and may serve as starting point for, developing strategies and interventions to reduce sedentary time and to increase PA in this population. Furthermore, studies of this nature are important because older minority groups-like African Americans-are growing exponentially in the United States and they present one of the lowest level of PA participation at recommended levels and higher levels of SB. This is timely as prolonged sedentary time has been linked to a large array of negative health outcomes in adults and older adults.
Authors' Note
Emerson Sebastião is now affiliated to Northern Illinois University, DeKalb, IL, USA. van der Ploeg, H. P., Chey, T., Korda, R. J., Banks, E., & Bauman, A. (2012 
